Objective. Quality indicators (QIs) are routinely used in health systems, often on the assumption that they provide a valid reflection of the outcome of care. This study investigated the construct validity of 14 trauma QIs through their ability to identify patients at risk of poor outcomes, including increased mortality, longer lengths of stay and greater use of the intensive care unit (ICU).
Introduction
Despite the widespread use of quality indicators (QIs) to assess health services, there is a paucity of evidence concerning their ability to provide generalizable, interpretable and useable information for clinicians or health service managers. To improve quality, indicators need reliability, feasibility, sensitivity, specificity, the ability to provide actionable results, be relevant to users and have an established link with outcomes [1 -4] . Construct validity is largely an umbrella term for explaining multiple processes which encompass individual test validation [5] . Validity is high when these procedures establish a relationship between the measure and the construct. Generating meaningful and useful indicators is made difficult by the complexity of the 'quality' construct. This paper examines the challenges of construct validation through exploring the process-outcome link in indicators developed for trauma patients, highlighting the problems facing developers and users of QIs.
Trauma QIs were originally promulgated in 1987 by the American College of Surgeons Committee on Trauma (ACSCOT) to identify patients at risk of poor outcomes. Multiple US-based studies have reported reduced risks of poor outcomes in patients flagged by several of the ACSCOT indicators [6] [7] [8] [9] . We have previously discussed the limitations of this literature, particularly the generalised lack of risk adjustment between process measures and outcomes [10] .
The Victorian State Trauma System employs four in-hospital QIs based on those proposed by ACSCOT. This study aimed to investigate the association of the Victorian State Trauma System and ACSCOT indicators with the quality of care construct, by evaluating the relationship between these indicators and poor patient outcomes, including increased mortality, longer lengths of hospital stay and greater use of the intensive care unit (ICU).
Methods
Data were collected from the Victorian State Trauma Registry (VSTR) and included cases from January 2001 to March 2006. Criteria for inclusion on the VSTR have been published previously [11, 12] . The registry captures a range of items relating to injured patients, provides formal training to data collectors and data verification before data entry [11] . The QIs were abstracted using variables routinely collected on the registry, placing no additional requirements on data collectors. The registry includes cases meeting one of the following criteria: death after injury, Injury Severity Score greater than 15, admittance to the ICU for more than 24 hours and requiring mechanical ventilation, or those requiring urgent surgery. This study included patients classified as blunt trauma, aged 16 years or more and with an Injury Severity Score of greater than 15. As ICU stay of more than 24 hours was an outcome of interest, cases admitted to the registry solely on the basis of ICU stay more than 24 hours and requiring mechanical ventilation were excluded. The Victorian State Trauma System serves a population of approximately five million and comprises two major adult trauma centres, one paediatric trauma centre and 134 additional trauma services located in metropolitan and regional areas. Each service provides a staged level of care to definitively manage patients in accordance with triage guidelines at an appropriate service. A comprehensive prehospital network supports the trauma system along with an integrated patient transfer service. Table 1 lists the indicators investigated in the current study. Additional indicators proposed by ACSCOT were unobtainable from VSTR or yielded insufficient cases for analysis and were excluded. Differences in mortality, length of stay and ICU use were compared between cases which were flagged by the indicator (indicating substandard care) and cases that were not flagged by the indicator (indicating good quality care). Analysis of each indicator was limited to cases meeting or not meeting the criteria of the indicator and excluded irrelevant cases to the indicator, eg patients not undergoing head CT scanning were not included in analysis of time to head CT scans. As length of stay can be influenced by deaths soon after admission, only those cases who survived to discharge were included for length of stay analyses.
Statistical Analysis
Continuous variables were categorised and analysed using chi-square for differences between flagged and not flagged cases for each indicator. The relationships between the indicator and selected outcomes were explored using logistic regression models adjusting for significant covariate factors identified through univariate analysis (Table 2) . Covariates included physiologic measures (systolic blood pressure and pulse rate), Injury Severity Score, mechanism of injury, age, gender, Glasgow Coma Scale and co-morbidities. The Injury Severity Score category of greater than 41 was merged into Injury Severity Score category 25 -75 as only 10% of cases recorded a value of more than 41. Prolonged length of stay was analysed as a dichotomous outcome (less than or greater than 29 days), based on the 90th percentile. A P-value of ,0.05 was considered statistically significant. Statistical analyses were conducted using STATA Version 9.2 (StataCorp, TX, USA, 2006).
Results
The characteristics of the 5104 cases included for analysis are outlined in Table 3 with six of the not flagged groups recording higher proportions of those with Injury Severity Score .25 than those flagged by the indicator (indicating a less injured patient group) (indicators 2, 3, 5, 6, 7 and 10). The lowest mortality rate occurred in patients receiving femoral fracture fixation (2.3%) and the highest in those not receiving femoral fracture fixation (63.2%, P , 0.001, indicator 14). Indicators 1, 3 and 7-10 had significantly higher mortality rates in patients not flagged by the indicator compared with those flagged by the indicator. In contrast, indicators 13 and 14, which relate to lower extremity fractures, found significantly greater mortality in flagged cases.
In several instances, cases flagged by the indicator demonstrated reduced risks for adverse outcomes (Table 5) . Patients not receiving trauma team activation (indicator 1) demonstrated reduced risk of lengths of stay greater than 29 days (odds ratio 0.3, P , 0.001) and reduced the risk of ICU stay more than 24 h (odds ratio 0.3, P , 0.001) in comparison to patients receiving team activation. Non-intubated patients with Glasgow Coma Scale ,9 (indicator 2) demonstrated a significantly reduced risk of ICU stay more than 24 h (odds ratio 0.1, P , 0.001) which was mirrored by the ACSCOT indicator relating to comatose patients leaving the emergency department (ED) before a mechanical airway was established (odds ratio 0.1, P , 0.001). While the Victorian State Trauma System indicator relating to head CT scans performed more than 2 h after arrival (indicator 3) failed to reach significance, the ACSCOT version restricted to cases with a Glasgow Coma Scale ,13 (indicator 5) demonstrated reduced risk of ICU stay more than 24 h compared with those receiving a scan within 2 h (odds ratio 0.7, P ¼ 0.047). Laparotomy delayed by more than 2 h (indicator 7) demonstrated reduced mortality risk (odds ratio 0.3, P ¼ 0.037) as well as reduced risk of hospital stay more than 29 days (odds ratio 0.4, P ¼ 0.026).
In contrast, a number of indicators demonstrated associations with adverse outcomes. Patients undergoing abdominal surgery more than 24 h after arrival (indicator 11) were found to have 5.6 times increased odds for the risk of death (P ¼ 0.010) and 4.2 times increased odds for the risk of extended stay (P , 0.001), compared with abdominal surgery within 24 h. The greatest mortality risk occurred in patients flagged by indicators 13 and 14, in which blunt compound tibial fracture treatment occurred more than 8 h after admission (odds ratio 7.8, P ¼ 0.005) and patients not receiving fixation of femoral diaphyseal fractures (odds ratio 55. 4 
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emboli or decubitus ulcers were more likely to have extended hospital and ICU stays compared with patients not developing such complications.
Discussion
The indicators investigated in this study were designed as intermediate markers of poor quality and considered by experts as associated with poor outcomes. In the absence of an observable measure of 'quality', this study has used poor patient outcomes as auxiliary constructs. 'Good' indicators will possess additional properties including reliability and sensitivity; however, the link between processes and outcomes remains important and largely depends on who is using the indicators and for what purpose [2] . Clinicians are likely to support process measures linked with patient outcomes that reflect care provided by clinicians [13] . The challenge is to identify indicators capable of monitoring provider performance and which maximize clinician engagement through established process-outcome links. This study has furthered previous investigations by employing logistic regression models to assess the process-outcome link while adjusting for variables including Injury Severity Score, age, mechanism of injury and physiological measures. This study found that two process indicators were associated with lower mortality (indicators 7 and 8), two with reduced lengths of stay (indicators 1 and 7) and four with reduced risk of ICU admission of more than 24 h (indicators 1, 2, 5 and 6). In contrast, several indicators were associated with increased mortality (indicators 11, 13 and 14), longer lengths of stay (indicators 9, 11 and 12) and increased risk of ICU stay of more than 24 h (indicator 12). These results support previous investigations of similar indicators in US populations [6-9, 14, 15] . The poor construct validity may be due to multiple influences, including the impact of unmeasured confounding variables, problems with indicator or construct measurement, unclear indicator specification or flaws in the theory that indicators can be legitimate measures of the construct [16] . The difficulties in uncovering the sources which compound the process-outcome association, and which compound indicator construct validation, add to tensions between those endorsing indicators in health care and those under scrutiny. In response, the 2006 version of 'Optimal Resources for the Injured Patient' published by ACSCOT does not specify indicators be monitored by trauma-care providers [17] . Despite the difficulties of construct validation, trauma indicators have persisted as measurement tools and are widely reported within hospitals and to governments, funding agencies and public interest groups. The use of indicators found to be inversely associated with patient outcomes may favour providers with more severely injured patients, leading to biased conclusions regarding quality of care. The current focus on financial incentives linked with performance measures highlights the need for valid QIs.
In their current format, the ability of these indicators to identify patients at risk of poor outcomes appears limited. Deficiencies in the measurement of indicators and outcomes coupled with indicator specification uncertainty each influence the construct validity of indicators [16] . For example, patients receiving the same interventions at different time points may do so as a function of injury severity not quality of care. Those receiving rapid surgical interventions may have more severe injuries compared with those receiving delayed surgery. Consequently, this selection bias may cause these indicators to identify less injured patients with reduced risks of adverse outcomes, while reflecting appropriate clinical decisions which prioritize treatment [9] .
Poor indicator specification may also result in a selection bias which selects patients with different injury profiles as well as different injury severities. Prioritizing treatments for multi-trauma patients will result in immediate management of life-threatening injuries, with delays to less time critical surgery. Strategic delays to tibial fracture management to allow treatment of additional life-threatening injuries may be linked to increased mortality attributable to these other injuries. Although some have reported reduced risks of non-fatal outcomes such as Acute Respiratory Distress Syndrome in patients undergoing immediate fracture fixation [18] , others have failed to find associations between surgical timing and wound infection rates, suggesting these indicators function better as treatment guidelines than fixed indicators [19 -22] . Refining the indicators to specify the appropriate patient, injury and treatment is a task beyond the scope of this investigation, however, may assist in reducing selection bias and produce more clinically meaningful tools.
The application of general indicators across trauma populations needs to consider the variability of trauma patients and differences in case mix [2] . Criteria restricting the patients for which an indicator is appropriate may improve construct validity. For example, patients receiving abdominal surgery beyond 24 h from admission were at an increased risk of mortality compared with those treated within 24 h. While this indicator appears capable of identifying at-risk patients, subgroups such as small bowel injuries may be susceptible to even shorter delays. However, the indicator must continue to identify adequate cases to allow overall quality assessment [23] . Similarly, VSTR indicator 2 flags patients with Glasgow Coma Scales less than 9 who were not intubated in hospital. Cases with unknown Glasgow Coma Scale and/or intubation status and those already intubated were removed from analysis, significantly reducing the number of eligible cases. Indicators which yield small patient numbers need to be considered in the context of the purpose of the indicator program which may be for local quality improvement, provider decision-making or system monitoring [13] . Refined indicator criteria may reduce the volume of identified cases and, in turn, the ability of the measure to provide an accurate picture of quality.
Measurement of complex concepts frequently use 'auxiliary' constructs to quantify relationships [16] . The processmortality link as an auxiliary construct of "quality" has been complemented in the present study through the exploration of the relationship between indicators and length of stay, which often acts as a target for quality improvement [24] . Non-intubation in patients with Glasgow Coma Scale less than 9 and head CT scans performed beyond 2 h in those with Glasgow Coma Scale less than 13 were both found to have reduced risks for ICU stay, perhaps due to decreased need for ventilation and post-surgical management [25] . An abnormal Glasgow Coma Scale resulting from intoxication likely eliminates the need for ventilation, radiological imaging or ICU admission. Therefore, the indicator may be more reflective of clinical decision-making than quality of care.
Underlying deficiencies in the theoretical concept linking processes with patient-level outcomes may also explain poor construct validation results [16] . Measures of ICU use and length of stay often act as surrogates of resource use and are of interest to hospital administrators, financiers and clinical staff [26] . However, viewed as a process itself, the relationship between length of stay and indicators focused on complications may be difficult to establish. For example, it is difficult to determine a causal relationship for patients developing deep vein thromboses, pulmonary emboli or decubitus ulcers and increased length of stay. Similarly, patients undergoing abdominal or cranial surgery more than 24 h following admission had longer hospitalizations and greater ICU use. Surgical delays in patients with small bowel injuries have previously been reported to increase lengths of stay (9.1 days compared with 25.7 days, P , 0.001) [27] possibly as a consequence of greater post-operative complications [28] . Further, Nakayama et al. [9] reported four paediatric patients identified by the indicator as specified by ACSCOT (which combines cranial, abdominal, thoracic and vascular surgeries) received inappropriate care, prompting conclusions that the indicator was a useful criterion.
Limitations
This study had a number of limitations. While use of trauma registries for measuring quality has been proposed in the literature [11] , only routinely collected variables could be included in analyses. In addition, the accuracy of the Injury Severity Score to accurately capture the true extent of injury has also been questioned [29] . As variation attributable to measurement error greatly influences construct validity, the results from this investigation also reflect registry data limitations, its effect upon statistical modeling and the implications this has for case-mix adjustment.
Indicators of complex constructs do not provide definitive evidence of poor quality, rather they suggest areas, processes or systems which may benefit from review. As part of the construct validation process, indicators need regular re-definition to reflect new findings, theories and clinical practices that challenge and clarify existing concepts [5, 7] . The VSTR indicators performed in a manner similar to those specified by ACSCOT. These results have supported reviews of the VSTR indicators, such as activation of the trauma team at major trauma services, which is being revised to better reflect an appropriate patient group for whom the trauma team is warranted. This study has offered insight into the use of registries to analyse indicator data; however, any re-definition of indicator criteria needs to reflect current clinical opinions and standards of care best gained from prospective trials [8] . Developing new indicators from rigorous clinical investigations rather than solely on expert opinion is likely to produce more informative measures with greater ability to influence quality of care.
All VSTR data collectors have formal clinical training and comprehensive data coding and abstraction training by VSTR staff and external bodies. In addition, the registry incorporates manual and automated data quality procedures. Despite these efforts, data accuracy remains largely dependent on clinical record documentation which can vary between patient and hospital. In addition, exclusion criteria restricted this investigation to those with blunt trauma, an Injury Severity Score greater than 15 and those aged 16 or more, limiting the generalizability of these findings to other trauma populations.
Finally, the theory that indicators relate to patient level outcomes, such as individual mortality, may account for the limited construct validity seen in this study. Indicators are influenced by the level at which they measure performance, be it practitioner, unit, hospital or system. The move to measure quality beyond individual performance recognizes good quality as not solely reliant upon the knowledge and skills of clinical staff. Clinicians require additional resources, equipment and personnel delivered through systems to provide optimal patient outcomes. An organized management approach through a structured trauma system has been recognized as an essential component in achieving best quality care [30] . Therefore, indicator construct validity may be better measured through associations with provider-level quality rather than practitioner performance or individual patient outcomes. Indicators not associated with individual patient outcomes may still prove useful in measuring hospital and system quality. Additional analyses of these indicators, singly and in combination across providers and systems, would establish the ability of the indicators to assess quality of care at the system level.
Conclusions
Indicators without established accuracy and efficacy may incur considerable economic costs without yielding an improvement in quality of care. This study has demonstrated the challenges of indicator construct validation through the difficulties in identifying links between processes and outcomes. Future investigations which shift the focus from the performance of individual indicators for individual patients to that of a suite of indicators for comparing trauma providers may prove more useful.
